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ABSTRACT
Lake Michigan littoral sediment resources in Illinois are relatively meager
and are much too fine grained to provide effective supplies for nourishment of
eroding beaches. Land-based sand resources, on the other hand, are readily
available and are sufficiently coarse in texture. This study discusses the
sources of land-based beach nourishment materials and evaluates how well
beaches nourished with these materials have held up over time.
Data on the location and characteristics of land supplies were gathered from
materials supply companies and from local, state, and federal agencies.
Records of performance were acquired from the municipalities of Chicago,
Evanston, Highland Park, Lake Bluff, and the federal installation at Fort
Sheridan. These records and high altitude aerial photos from the Illinois
Division of Water Resources were used to evaluate beach conditions. In all
cases the nourishment materials used consisted of medium to coarse sand
(coarser than the native beach sand), and in all cases the nourished beaches
remained reasonably stable.
Evaluation of commodity and transportation costs suggests that it is generally
less expensive to truck sand to the shoreline than to dredge nearshore
resources.
INTRODUCTION
Studies of beach nourishment projects and the behavior of artificial fill
materials suggest that the stability of nourished material depends on its tex-
tural relationship to existing shore materials. The importance of using a
coarse-grained fill material has been well documented. D. W. Berg (1965)
found that nourished material finer than the original shore material is easily
eroded and redeposited in the offshore environment. Krumbein and James (1965)
came to a similar conclusion after determining the susceptibility of varying
grain sizes to beach erosion.
In a study of the northernmost portions of the Illinois shore of Lake Michi-
gan, Fraser and Hester (1974) determined that fine and yery fine sand from the
offshore lake bottom was unsuitable for beach nourishment because of its sus-
ceptibility to erosion during storms. Shore and nearshore sediment, when com-
posed of substantial amounts of medium and coarse sand and gravel, was well-
suited for beach nourishment. Nordstrom et al . (1979) reported the successful
nourishment of a beach at Sandy Hook, New Jersey, where the mean grain size of
the nourished sand was medium to coarse (slightly coarser than the native
beach material). Also, Walton and Purpura (1979) reported on similar success-
ful nourishment projects along several beaches on the southeast Atlantic and
Gulf coasts. A borrow material of grain size similar to the natural beach
material was successfully used at Huntington Island, South Carolina; Cape
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Figure 1. Map showing nourished beaches and selected sand and gravel pit
^cations in northeastern Illinois.
Canaveral Beach, Florida; and along beaches in Harrison County, Mississippi.
In addition, a highly successful nourishment project was completed at Key
West, Florida, where an 8-inch blanket of sand was placed over a 16-inch layer
of crushed limestone.
Hobson (1977) stated that the native sedimentary materials on a beach are
generally the most stable for that environment. However, in a system in which
erosion dominates because of a lack of sand, natural beach materials generally
are unstable. In such a situation, a renourishment factor is needed for pre-
dicting how much and how often nourishment will be needed. Hobson emphasized
that coarse-grained sediments reside longer on the beach than do finer sedi-
ments. At Virginia Beach, Virginia, for instance, the borrow material was
finer and more poorly sorted than the natural material and was less stable
than the native sand.
Nearshore sediments from the lake floor are sometimes an economic and conven-
ient sediment source for mitigating shore erosion. However, recent investiga-
tions by the Illinois State Geological Survey (Norby, 1980; and Norby and
Collinson, 1977) indicate that nearshore resources of sand near Waukegan,
Great Lakes and Wilmette Harbors (the only sand surplus areas on the Illinois
shore) are composed almost entirely of yery fine to tine sand. These
resources are not adequate for beach nourishment because of their easy
erodibility. The Survey therefore decided to study previous beach nourishment
projects along the Illinois shore and the land sources providing the sand for
such projects.
Park districts, material service companies, and other agencies involved with
beach maintenance supplied much of the data for this investigation. The per-
formance of nourished beach areas was measured by the study of shoreline
positions on l:2400-scale high altitude aerial photos. Photos taken when the
lake levels were similar were used for comparison, so that actual eroding or
accreting shorelines would not be confused with misleading shoreline positions
resulting from fluctuating water elevations. The lake levels recorded
at Calumet Harbor and Milwaukee were averaged for days when photographs were
taken.
BEACH NOURISHMENT ALONG THE ILLINOIS SHORE
Ten communities, in addition to federal and state agencies, actively maintain
beaches along the Illinois shore (fig. 1). However, only in Chicago, Evanston,
Fort Sheridan, Hiqhland Park, Lake Bluff, and Illinois Beach State Park (near
Zion) have beaches been nourished. Data are not yet available for
Illinois Beach State Park. City records in Wilmette, Kenilworth, Winnetka,
Glencoe, Lake Forest, and Waukegan do not show any purchases of sand for beach
nourishment, and there is no information indicating that beaches have ever
been nourished in these communities.
Lake Bluff-Highland Park
The North Shore Sanitary District and the Army Corps of Engineers have
installed numerous groins and have nourished many beaches associated with the
groins along the Illinois shore (U.S. Army Corps of Engineers, 1972). In Lake
Bluff, east of Center Avenue and north of the Sanitary pumping station, two
Figure 2. A portion of the nourished beach area east of Central Avenue in
Lake Bluff (September 1978). The two groins on the right were
constructed in 1973 and filled with pea gravel. Approximately
5,700 cubic yards of fill material was used for nourishment.
groins were installed in 1973 and filled with 5700 cubic yards of sand
(fig. 2). A third groin was installed in July 1975 immediately south of the
pumping station, and filled with 10,000 cubic yards of sand. In Highland
Park, the installation of several groins with nourishment was completed in
1976 and 1978 south of the old sewage plant near Ravine Drive. Nourishment
material for those projects was purchased from the McHenry Sand and Gravel
Company of McHenry, Illinois, which owns and operates gravel pits near McHenry
and Lilymoor in McHenry County, approximately 25 to 30 miles (40 to 48 km)
from Lake Bluff and Highland Park.
Information supplied by Greely and Hansen, engineers for the North Shore Sani-
tary District (1972) project, indicates that after the emplacement of the groins
beaches were nourished by adding an uncrushed, granular material conforming to
grade CA-13 (Section 704, Standard Specification for Road and Bridge Construc-
tion of the Illinois Division of Highways). The fill material was primarily
a 3/8-inch pea gravel with a fairly uniform gradation as follows:
Passing 3/4-inch Sieve (19.05 mm or
-4.2(f)) 100%
Passing 1/2-inch Sieve (12.5 mm or -3.6 <j>) 97% ± 3%
Passing 3/8-inch Sieve (8.36 mm or
-3.0(f)) 80% ±10%
Passing No. 4 Sieve (4.90 mm or -2.25 cb) 35% ±15%
Passing No. 16 Sieve (1.19mm or
-0.9(f)) 3% ± 3%
Size analyses of native Lake Michigan beach sand were reported by the Illinois
Department of Public Works and Buildings Division of Waterways in 1952. One
of the beaches sampled was near Center Avenue in Lake Bluff and another was at
the old sewage plant in Highland Park. Table 1 shows the mean grain size of
Table 1. Mean grain-size of beaches near Center Avenue in Lake Bluff and at
old sewage plants in Highland Park before nourishment in 1946 and 1950.
Location
Mean grain size (mm)
Swash zone Mid-beach
1946 1950 1950
Lake Bluff - near Center Avenue 0.32-medium sand 0.50-medium sand 0.27-medium sand
Highland Park - old sewage plant 2.00 very coarse 1.00-coarse sand 0.33 medium sand
sand
the sand at both locales prior to nourishment. The data represent an average
of samples taken at the surface and at 6-inch, 12-inch, and 18-inch depths.
Only swash zone samples were taken in 1946, whereas both swash and mid-beach
samples were taken in 1950. These data indicate that the native swash-zone
beach materials, consisting of medium sand at Lake Bluff and yery coarse to
coarse sand at Highland Park, were considerably finer than the 3/8-inch pea
gravel used in 1973 for nourishment. Mid-beach sand samples at both locations
were medium textured. On the basis of these specifications, stability of both
beach areas can be anticipated. A diagram (fig. 3) showing shoreline posi-
tions of nourished beaches in Lake Bluff in May 1976 and June 1979 (the lake
level was essentially the same on both dates) shows no recession during that
period. The shoreline north of the pumping station, for example, accreted
from 1976 to 1979. An additional groin placed at the northernmost reach of
the nourished area during the 1976-1979 interval further stabilized this
portion of the shore.
At the foot of Ravine Drive in Highland Park, three groins were constructed 700
and 1400 feet south of the old sanitary plant and filled in the summer of 1976.
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Figure 3. Shoreline positions in May 1976 and June 1979 at beach in
Lake Bluff.
In the spring of 1978 an additional groin was built and filled 3000 feet south
of the old plant. Although sufficient time has not elapsed for evaluation of
the long-term performance of these operations, short-term shoreline positions
at the nourishment sites can be shown for 1977, 1978, and 1979 (fig. 4).
The diagram shows some shoreline retreat, but the apparent retreat can be
attributed to lake levels 1.3 to 1.5 feet lower in 1977 and 1978 than in 1979.
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Highland Park, procedures for placing beach fill are as
sand is gradually intermixed with the pea gravel during wave
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Fort Sheridan
At the south end of Fort Sheridan, a beach approximately 700 feet long (about
1600 feet north of the Highland Park municipal boundary), was nourished in
1978 with 18,000 tons of sand as part of a bluff erosion control program (U.S.
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Figure 4. Shoreline position in May 1977, April 1978, and June 1979 south of
the old sewage plant in Highland Park.
Army Corps of Engineers, 1977). The sand was purchased from McHenry Sand and
Gravel Company and hauled to the beach site by barge from Waukegan. The sand
was graded according to the following specifications:
Passing 3/4-inch Sieve (19.05 mm or
-4.2(f)) 100%
Passing 3/8-inch Sieve (8.36 mm or
-3.0(f)) 60-100%
Passing No. 4 Sieve (4.90 mm or -2.25c))) 40-100%
Passing No. 8 Sieve (2.38 mm or -1 .25 4> ) 20-80%
Passing No. 16 Sieve (1.19 mm or -0. 9 4>) 8-65%
Passing No. 30 Sieve (0.59 mm or 0.75(f)) 2-45%
Passing No. 50 Sieve (0.30 mm or 1.75<f>) 0-25%
Passing No. 100 Sieve (0.149 mm or 2.75(f)) 0-8%
Passing No. 200 Sieve (0.074 mm or 3.75(f)) 0-4%
According to these specifications and other information supplied by the Corps
of Engineers, the nourishment material was a fine gravel or granules with a
mean grain size of 2.5 mm (-1.31(f)). Further specifications required that the
fill be free of silt, clay, or other foreign or objectionable materials and
contain less than 20 percent flat or elongated particles. A high degree of
quality control existed during placement of the fill: a minimum of one sample
per day for each day of placement was sent by the contractor for sieve analy-
sis to assure the placement of uniform coarse-textured fill.
The nature of native sand at the nourishment site was not noted in the Army Corps
of Engineers report; but the 1946 and 1950 analyses of the grain size of native
beach sands along the Illinois shore made by the Illinois Division of Water-
ways (1952) showed that beaches near the nourishment site had mean grain sizes
ranging from medium sand to pebbles. Beaches were sampled along the northern
portion of the Fort Sheridan shore and about a quarter of a mile south of the
Fort Sheridan-Highland Park municipal boundary. It seems likely that the
coarse-textured fine gravel should be a suitable material for placement on the
Fort Sheridan beach; however, evaluation of the performance of the fill is
premature since the nourishment was completed only recently.
Evanston: Lee, Dempster, and Clark Street Beaches (1960)
Evanston maintains five public beaches located at South Boulevard, Lee Street,
Dempster Street, Clark Street, and Grosse Point Park. As part of an early
shore protection project in 1960, groins were constructed and beaches were
nourished at Clark, Dempster, and Lee Streets (U.S. House of Representatives,
1965). The filling operation increased the area of these beaches by about
260,000 square feet (an increase of approximately 25,000 cubic yards).
In 1960, analyses were made of the grain size of the sand on Evanston beaches
and elsewhere to determine the most suitable material for nourishment. Sand
from the Dempster Street Beach and Clark Street Beach in Evanston, Jackson
Park Beach and Farwell Avenue Beach in Chicago, Wilmette Harbor and Indiana
Dunes, Indiana, were compared (table 2).
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Figure 5. Shoreline positions in April 1962 and April 1977 at
Lee Street, Dempster Street, and Clark Street Beaches
in Evanston.
Determinations based on these analyses (U.S. House of Representatives, 1965)
indicated that the mean grain size for nourishment of Evanston beaches should
be at least 0.484 mm (1.03(f)), which was the medium to coarse sand on the
Dempster Street Beach prior to nourishment. The fine sand from Wilmette
Harbor and Jackson Park, which came from the lake bottom, was unsuitable for
nourishment: its mean grain-size diameters were 0.22 mm and 0.230 mm respec-
tively (2.18(f) and 2.12(f)).
Material suitable for nourishment was hauled from a source in the Fox River
Valley near Algonquin, Illinois. The sand, coarse-textured with a mean grain-
size diameter of 0.518 mm (0.945(f)), was graded from coarse to fine within the
following limits:
Passing No. 8 Sieve (2.38 mm or
-1.25(f)) 100%
Passing No. 50 Sieve (0.30 mm or
-1.75(f)) 15-40%
Passing No. 100 Sieve (0.149 mm or 2.75(f)) 0-10%
Passing No. 200 Sieve (0.074 mm or 3.75(f)) 0-5%
To compare long-termed stability of the three beaches (Lee Street, Dempster
Street, and Clark Street), shorelines for April 1962 were compared with those
of May 1977. Lake level was about .9 feet higher in 1977 (fig. 5) than in
1962. Considerable accretion is apparent at the Clark Street Beach. The
accretion is explained by the presence of the Northwestern University landfill
to the north, which trapped updrift-moving sand at this restricted locale.
At the Lee and Dempster Street Beaches, the 1977 shoreline is about 25 to 50
feet landward of its 1962 position. Although some of the shoreline retreat is
due to the higher lake levels in 1977, some removal of the nourished material
occurred during the 15-year interval, undoubtedly resulting from the starva-
tion of the shore by the protruding Northwestern landfill. This removal of
material required renourishing of the Lee Street Beach in 1977. Regardless of
the loss of sand, the beaches at Lee, Dempster, and Clark Streets survived the
record high lake levels of the early and mid-1970s with minimum damage during
a time when severe erosional losses of beaches prevailed along much of the
shore.
Table 2. Grain-size analysis of selected beaches along the south shore of
Lake Michigan (from U.S. House of Representatives, 1965).
Mesh openinc1
Wilmette
Harbor
Total Percent passing mesh opening
No.
Size
mm *
Dempster
St. Beach
Clark St.
Beach
Indiana
Dunes
Jackson
Pk. Beach
Farwell
Ave. Beach
8 2.38 -1.25 100 95 100 100 100 93
50 0.30 1.75 84 34 37 87 79 55
80 0.177 2.5 41 4 3 33 43 14
100 0.149 2.75 4 0.5 0.5 4 11 3
200 0.074 3.75 0.2 Tr Tr 0.1 Tr
mean diameter 0.221 0.484
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Figure 6. Shoreline positions in April 1969 and April 1978 at Grosse
Point Park Beach in Evanston.
Evanston: Grosse Point Park Beach (1967)
The construction of a groin to be artificially filled at Grosse Point Park was
proposed in 1965 (U.S. House of Representatives) and completed in 1967.
Approximately 33,000 cubic yards of fill was used. Grain-size specifications
for the sand were for a coarse sand, the same as used in 1960 at the Lee,
Dempster, and Clark Street Beaches.
The stability of the beach at Grosse Point Beach was studied by comparing the
shorelines of April 1969 and April 1978, dates when only a .20-foot differen-
tial existed between the lake levels. No net erosional loss occurred over the
9-year period, despite the record high lake levels of the early and mid-1970s,
and only a slight shift of sand from the southern to the northern portion of
the beach could be observed (fig. 6). Although the beach stability is partly
due to the coarse character of the fill, it is also improved by the trapping
of sand by the Northwestern University landfill just 1000 feet downdrift to
the south.
Evanston: Lee Street Beach (1977)
In June 1977 the city of Evanston contracted Material Service Corporation of
Chicago to furnish and place 3000 tons of sand on the Lee Street Beach
(figs. 7 and 8). According to Material Service, the sand was obtained from
its pit near Dundee, Illinois, in Kane County, approximately 30 miles from
Evanston.
10
Figures 7, 8. Photographs taken August 1976 (top) and July 1979 (bottom)
illustrate the extent of activities at Lee Street Beach in
Evanston before and after beach nourishment. About 3,000
tons of sand were added.
11
The technical specifications called for natural sand free of organic impuri-
ties, lumps of clay, conglomerate or cemented particles, and all other
foreign materials. The maximum permissible percentages (by weight) of dele-
terious substances in the sand-fill material was 1.5 percent— 1.0 percent
lumps of clay and 0.5 percent of light weight particles floating on liquid
with a specific gravity of 2.0. Sand-size specifications were identical to
those used in earlier fill operations completed in 1960 in which at least
60 percent of the material was medium or coarser textured. Additional sand
supplies dredged from Wilmette Harbor were also used at the Lee Street Beach.
These supplies were provided free of charge, and no specifications were given,
In general, the renourished beach has remained stable. Photographs taken in
7), and July 1979, two years
of the project. The shore-
the groin in the southern
Shoreline recession
August 1976, 10 months prior to nourishment (fig.
following nourishment (fig. 8), show the results
line extended considerably farther lakeward along
portion of the reach in 1979 than it did in 1976.
occurred at the Lee Street Beach following nourishment in 1977 (fig. 9); how-
ever, lake levels about 1.3 feet higher in 1979 than 1978 account for much of
this differential. More time is required for a proper evaluation of renour-
ishment practices at this locale.
Evanston: South Boulevard Beach (1978)
A new groin was completed at South Boulevard Beach in 1978. Fill for the pro-
ject consisted of approximately 50,000 tons of sand provided by the Peterson
Sand and Gravel Company from its pit near Lilymoor in McHenry County. A com-
parison of the beach before groin construction and fill in November 1977
(fig. 10) with a photograph taken in September 1979 (fig. 11) illustrates the
&77:
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Figure 9. Shoreline position in April 1978 and in June 1979 at
the Lee Street Beach in Evanston.
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Figures 10, 11. Comparison of South Boulevard Beach in Evanston November 1977
(top) before construction of the South Boulevard groin and (bottom)
after nourishment with 50,000 cubic yards of sand (September 1979).
The groin greatly expanded the beach area.
13
Figure 12. September 1977 photograph of the 12th Street Beach on Northerly
Island (Meigs Field) in Chicago: in 1962, 200,000 cubic yards of
sand was placed on the protected reach of shore, which has exhib-
ited great stability over the years.
Figure 13.
14
September 1977 photograph of the 31st Street Beach at Burnham Park
in Chicago. The beach was nourished with 100,000 cubic yards of
sand in 1962. Note the lakeward extension of the beach to the
right of the pier. Shoreline positions of 1976 and 1979 do not
show this feature (see fig. 17).
.
.1 .
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change in coastal morphology that resulted trom the sand additions. Again,
sufficient time has not elapsed to evaluate the perfomance of the fill.
The technical specifications for the South Boulevard groin fill were almost
identical with those used at Fort Sheridan, and the fill was slightly coarser
than that used at the Lee Street Beach. The fill was graded as follows:
Passing 3/8-inch Sieve (8.36 mm or about
-6.2(f)) 100%
Passing No. 4 Sieve (4.90 mm or -4.0 cf>) 60-100%
Passing No. 8 Sieve (2.38 mm or -1.25<j>) 40-85%
Passing No. 16 Sieve (1.19 mm or -0.25 (f>) 20-65%
Passing No. 30 Sieve (0.59 mm or 0.75(f)) 8-45%
Passing No. 50 Sieve (0.30 mm or 1.75$) 2-25%
Passing No. 100 Sieve (0.149 mm or 2.75(f)) 0-10%
Passing No. 200 Sieve (0.074 mm or 3.75(f)) 0-8%
According to these specifications, most of the sand was coarse sand or coarser.
Specifications also required that the fill material be free of silts, clays,
organics, or other foreign or objectionable materials. Grain-size character-
istics measured by the Illinois State Geological Survey at South Boulevard
Beach in 1974 were reported by the U.S. Army Corps of Engineers in 1975. The
data show that the sand in the mid-swash zone was composed of nearly equal
amounts of pebbles, granules, very coarse particles, and coarse particles
(about 20 percent of each). At the top of the foreslope near the first berm
the sand contained about 59 percent medium-sized particles, about 20 percent
coarse particles, and about 11 percent particles larger than coarse. These
data suggest that the medium and coarse sand used as artificial nourishment
here falls within the limits of what is naturally stable on the shore and is
similar to that specified for beaches elsewhere in Evanston.
Chicago
For several of Chicago's beaches, records of sand nourishment date back to
1961, 1962, and 1964. Part of the sand used was purchased from Material Ser-
vice Corporation. In 1961, 193,000 cubic yards was placed on beaches between
Fullerton and Menominee Avenues. In 1962, 200,000 cubic yards of sand from
the excavation of the Dan Ryan Expressway was placed on the Northerly Island-
12th Street Beach in Burnham Park; 100,000 cubic yards was placed on the 31st
Street Beach; and 100,000 cubic yards was added to the Jackson Park-57th Street
Beach. In 1964, 5,300 cubic yards was placed on the Lincoln Park Extension-
Foster Beach. Photographs of the beaches at Northerly Island (fig. 12) and
31st Street (fig. 13) taken in September 1977 illustrate the extent of filling
operations at these two locations.
Grain-size specifications for nourishment materials for Chicago beaches
require that the materials be well graded from coarse to fine, with less than
12 percent of the material passing a No. 100 Sieve (0.149 mm or 2.75(f)).
mums state
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Figure 14. Shoreline positions in April 1969 and April 1978 at the Lincoln
Park Extension-Foster Beach in Chicago.
Limits are similar to those used for sand placed at Lee Street Beach in Evans-
ton, where sand ranged between medium and coarse textured. Additional speci-
fications stated that the maximum sum of the percentages of shale, coal, clay,
soft fragments, and other deleterious substances could not exceed 4 percent by
weight, and that the sand, when subjected to the colormetric test for organic
impurities, could not show a color darker than the standard color. The only
reliable estimate of the grain size of Chicago beaches prior to nourishment is
from the 1946 analysis of Loyola Park and Foster Avenue Beaches where the sand
was medium textured, averaging .28 mm (Illinois Department of Public Works and
Buildings Division of Waterways, 1952). If this sand can be considered
representative of Chicago beaches (all affected by similar wind and wave
regimes), then their nourishment with material slightly coarser than the
native sand is recommended.
The nourishment of Chicago beaches was carried out during a time of record low
lake levels. An evaluation of the success of the nourishment is difficult
because the lake level has risen considerably since the sand emplacements, and
there are no aerial photoqraphs showinq the position of the shore south of
Montrose Harbor in Chicago prior to 1974. Shoreline positions shown by photos
taken after 1974 are not accurate indicators of accretion or erosion because
of the abnormally high lake levels that occurred in 1974 and subsequent years.
Hence, photos taken in May 1976 and June 1979 of nourished beaches south of
Montrose Harbor were analyzed for differences in shoreline position suggestive
of erosion or accretion during this interval. Variations in lake levels on
the days the photos were taken were less than .03 feet.
Beaches in Chicago are generally quite stable because all but one (31st Street
Beach) are pocket beaches protected from erosion by long jetties, walls, or
groins. These structures also do not allow much sediment to accrete naturally.
Perhaps the best index of long-term stability occurs at the Lincoln Park
16
Extension-Foster Beach, nourished in 1964. Here, shoreline positions for
April 1969 and April 1978 were compared (fig. 14); on the dates the photos
were taken, lake levels were within 0.30 feet of each other. The stability of
the beach is remarkable considering the record high lake levels that occurred
during the 1969 to 1978 interval. Except for what appears to be a shifting of
sediment from the northern portion of the beach to the southern portion there
is no evidence of shoreline recession. Because the net littoral drift and
severe wave storm activity is from the north-northeast this shift would be
expected.
Short-term (1976-1979) changes in shoreline position south of Montrose Harbor,
where beaches were nourished in 1961 and 1962 (diagrammed in figs. 15, 16, 17,
and 18), show no evidence of erosion at any of the locations. At the beach
between Fullerton and Menominee Avenues (fig. 15), shoreline accretion of.
about 25 to 50 feet occurred during the 3-year interval. Accretion was about
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Figure 15. Shoreline positions in May 1976 and June 1979 at beaches between
Fullerton and Menominee Avenues in Chicago. Beaches were nourished
in 1961.
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Figure 16. Shoreline positions in May 1976 and June 1979 at the Northerly Island
(Meigs Fie1d)-12th Street Beach in Chicago.
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Figure 17. Shoreline positions in May 1976 and June 1979
at the Burnham Park-31st Street Beach in Chicago.
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twice as great on the northern or updrift sides of groins as on their down-
drift sides. On Northerly Island, 12th Street Beach (fig. 16) remained
virtually unchanged from 1976 to 1979 except for a small accretionary area in
the central portion of beach. At the Burnham Park-31st Beach (fig. 17) there
was only minor accretion; however, a photograph taken in September 1977
(fig. 13) shows the shoreline on the north or updrift side of the jetty to be
significantly lakeward of that on the south side. The configuration, unlike
those of either 1976 or 1979, suggests that some unreported renourishment may
have occurred. In any event, by 1979, the shoreline again resembled that of
1976. Finally, at the Jackson Park-57th Street Beach (fig. 18), a shifting of
sediment occurred from the south to the north between 1976 and 1979, with no
apparent net erosional losses. A 50-foot recession characterized the shore-
line along the southern half of the nourished beach and a 50-foot advance of
the shoreline occurred along the northern half. This sediment shift created a
beach extending for about 150 feet along a concrete wall north of the
originally nourished shore.
SAND AND GRAVEL RESOURCES
Onshore resources of sand and gravel for beach nourishment in Illinois are
plentiful and near the shore. In 1975, the six counties in northeastern
Illinois (Cook, Du Page, Kane, Lake, McHenry, and Will) produced almost
15 million short tons (about 13.6 million metric tons) of sand and gravel,
about 38 percent of the state's total production (Samson and Dingwell, 1977).
McHenry County has the most extensive sand and gravel deposits, many of which
extend along the Fox River valley into neighboring counties. Numerous reports
have discussed the sand and gravel deposits of the region (Anderson and Block,
1962; Block, 1960; Hunter, 1967; Hackett and McComas, 1969; Hester and Lamar,
1969; Larsen, 1973; Hester and Fraser, 1973; Ekblaw and Lamar, 1964; Willman,
May 4, 1976 -
June 25, 1979
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2
Figure 13. Shoreline positions in May 1976 and June 1979 at the Jackson Park-
57th Street Beach in Chicago.
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1971; Cobb, 1974; Kempton, Bogner, and Cartwright, 1977). Masters (1978) pre-
sented a summary of their findings and discussed the types of available
deposits. He classified the deposits into seven generic groups:
1. Bouldery Outwash Plains , the most valuable and productive sand
and gravel resources in northeastern Illinois, are located along
a north-northwest to south-southeast trend that extends from
southeastern McHenry County to northwestern Du Page County.
Large areas with bouldery material also extend into the eastern
half of McHenry County and westernmost Lake County. The outwash
deposits are commonly over 60 feet (19.7 m) thick and contain
more than 40 percent gravel
.
2. Cobbly Outwash Plains contain materials that are thinner and
finer grained than the bouldery materials. Eastern and south-
western McHenry County, western Lake County, and northwestern
and southern Kane County have large areas of these materials.
The materials are primarily coarse sand with some coarse gravel,
and they are generally not more than 30 to 50 feet (98 to
16.4 m) thick. Gravel accounts for about 25 percent of the
deposits.
3. Pebbly Outwash Plains 3 deltas 3 and Fans generally contain finer
sized material than do the bouldery and cobbly outwash plains.
These deposits are mainly coarse sand with pebbles, with some
gravel. The most extensive pebbly deposits are located in
north-central McHenry County.
4. Karnes and Eskers generally are in the form of round hills and
ridges that commonly contain abundant coarse gravel. Scattered
throughout Lake, McHenry, and Kane Counties, these deposits are
\/ery thin, quite variable in overburden thickness, and contain
large amounts of silt and clay. Commercial extraction of the
sand and gravel is limited.
5. Valley Train Deposits are composed of well -sorted, evenly-
bedded silt, sand, and in some cases, gravel. These deposits
occur in numerous places along the Fox River in southeastern
McHenry and eastern Kane Counties. They also occur widely in
the Des Plaines River Valley, in the river valleys of the East
Branch and the West Branch of the Du Page River, and in the
Du Page and Sag River Valleys. Commercial -grade sand and gravel
are not plentiful
.
6. Beach Ridge 3 Bar3 Spit3 and Deltaic Deposits are usually com-
posed of sand with some fine gravel. The deposits are mostly
associated with present or ancestral shorelines of Lake Michi-
gan. The deposits are also widely distributed in the Kankakee
River valley of southwestern Will County.
7. Sand Dunes commonly are composed of fine to medium sand. The
only two extensive areas of sand dunes in the region are in the
Kankakee River valley of Will County and along Lake Michigan in
northeastern Lake County.
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EVALUATION OF BEACH NOURISHMENT RESOURCES
Because of their coarse texture, widespread extent, easy accessibility, and
freedom from fine-grained impurities, the most desirable deposits for beach
nourishment are those found in the bouldery, cobbly, and pebbly outwash plains.
(The North Shore Sanitary District used such material for its groin fills in
Lake Bluff and Highland Park.) Although kames, eskers, valley trains, beach
ridges, bars, spits, deltas, and sand dunes provide suitable beach nourishment
materials, the deposits generally are not widespread or easily accessible and
are commonly composed of fine-grained materials.
Cost considerations
The cost of ons
the price of ca
material. The
mile for short
greater than 25
gravel to most
tances greater
located through
ties from their
pit locations a
hore sand and gravel for beach nourishment depends mainly on
rtage from any given gravel pit to the beach that requires the
current (1979-80) cartage price ranges from 6 to 10 cents per
hauls of less than 25 miles. The cartage price for distances
miles is normally 10 cents per mile. Hauling of sand and
areas along the Illinois shore of Lake Michigan involves dis-
than 25 miles. Of the numerous sand and gravel companies
out northeastern Illinois, eleven transport their own commodi-
pits to the shore (table 3) (fig. 1). The companies and their
re:
y
1. Bakley Construction Co,
2. Beverly Sand and Gravel
3. Material Service Corp,
4. Meyer Materials Co.
5. Vulcan Materials Co.
6. Peterson Sand and Gravel
7. Thelen Sand and Gravel
8. McHenry Sand and Gravel
9. Boughton Material Inc.
10. Fatlan Bros. Excavations
11. Koerner Inc.
Kane County near Huntley
McHenry County near Crystal Lake
Kane County near Elgin
McHenry County near Huntley
Kane County near Dundee
McHenry County near Algonquin
Kane County near Carpentersville
Kane County near Sugar Grove
Kane County near Elgin
McHenry County near Algonquin
Kane County near Algonquin
McHenry County near Crystal Lake
McHenry County near Cary
Lake County near Libertyville
McHenry County near Lilymoor
Lake County near Antioch
McHenry County near Lilymoor
Will County near Plainfield
Will County near Braidwood
Will County near Channahon
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Sand and gravel is available from other operations (appendix 1); however, com-
modity cartage from these pits is offered only through independent trucking
companies, and this practice may increase costs.
The unit price of sand and gravel varies somewhat among the companies, but is
generally about $1.50 per ton; there are usually no reductions for larger
orders. Pea gravel, for example, ranges from $1.75 per ton to $2.50 per ton.
An average cushed gravel price is about $3.25 per ton. The price of No. 2
torpedo sand varies between companies, ranging from $1.65 per ton to $2.90 per
ton. (All price quotations were obtained in October 1979 and are subject to
revision.
)
The primary cost of beach nourishment is for transportation. For example,
cartage from a pit near Plainfield in Will County to Waukegan is $8.00 per
ton, whereas cartage from pits near Lilymoor (McHenry County) to Waukegan
is just $2.28 per ton. When a wider range exists in commodity prices
between sand and gravel companies, the distance factor may not play
such a large role.
Table 4 - Cost estimates of sand and gravel at a representative sand and gravel company
in northwestern Illinois
State Product Unit of
Code Code Description measure Price
FA 10 10 Blending Sand TN 2.25
FA 9 20 Mason Sand TN 2.25
FA 2 30 P.C.C. Sand #2 TN 1.95
FA 16 50 Seal Coal 3/8 In. TN 2.05
CA 18 60 Pea Gravel Fill TN 1.75
CA 14 70 Cover Coal 5/8 TN 2.45
CA 7 80 B Stone TN 2.75
CA 5 90 A Stone TN 2.75
CA 16 100 Chips 3/8 In. TN 3.75
CA 13 110 Chips 1/2 In. TN 3.75
CA 11 120 Chips 3/4 In. TN 3.75
CA 12 130 B-5 1/2 In. TN 2.50
CA 10 140 B-5 3/4 In. TN 2.50
CA 6 w/PI 150 Grade #7 TN 2.50
CA 6 w/PI 155 Grade #7 P.M. TN 3.00
CA 6 160 Grade #9 TN 3.50
CA 6 165 Grade #9 P.M. TN 4.00
FA 6 170 Trench Backfill State Insp. TN 1.85
CA 18 180 SPR Sand Fill TN 1.85
FA 5 190 Limestone Screening TN 3.25
200 Birds Eye Ice Control Untreated TN 2.25
210 Ice Control Treated TN 11.00
CA 18 220 P.R.R.G. TN 1.85
230 Topsoil TN 3.75
240 Clay Fill TN 1.85
CA 2 250 TN
264 CAM Material TN '2.25
CA 12 265 1/2 BAM TN 2.50
CA 10 266 3/4 BAM TN 2.50
910 6-Wheel Time HR 30.00
920 Semi -Time HR 35.50
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Cost Estimates
Costs (effective January 1, 1979) from a representative sand and gravel comp-
any in McHenry County are presented in table 4. Not included in the table are
cartage charges from the pits to the shoreline which depend on the destination
and include a recently imposed 6 percent surcharge for increased fuel costs.
The average cartage cost from the pit to the shoreline is about $3.50 per ton
in addition to the unit price per ton of the product. For example, the
cartage price per ton from McHenry County is $2.28 to Waukegan, $3.20 to Lake
Bluff, and $4.42 to Evanston.
The 3000 tons of class CA-18 sand fill used at the Lee Street Beach has a unit
price of $1.85 per ton plus the $4.42 cartage charge. The total cost of 3000
tons of this material is $18,710 to Evanston, $12,390 to Waukegan, and $15,150
to Lake Bluff. Additional charges would be incurred if the material were
brought to its destination by barge.
Sand was recently dredged near the Commonwealth Edison pier and placed by
barge offshore about halfway between Waukegan and Great Lakes, pro-
viding an interesting comparison of costs of onshore sand and gravel to cost
of offshore resources. It was quoted that the dredging of 3000 tons of sand
(the amount used to nourish the Lee Street Beach) and transportation by barge
from Waukegan (the only nearby offshore sand surplus area) to Evanston would
cost $10.29 per ton or $30,870.
If sand from dredging were suitable for beach nourishment, and if the beach to
be nourished were relatively close to the dredged area, then dredged and
barged sand would probably be the least costly means for replenishment. How-
ever, this is not the case. Offshore sand supplies are almost entirely fine
and \/ery fine sand, relatively unsuitable for beach nourishment, and the
beaches requiring nourishment (between Lake Bluff and Chicago) are sufficiently
far from the sand surplus area at Waukegan to increase cartage and commodity
costs above those of gravel pits.
On the basis of the examples, it appears less expensive to use onshore re-
sources of sand and gravel to replenish beaches than to use offshore resources.
Even when higher priced grades of sand and gravel (such as CA-16, 13, and 11
at $3.75 per ton) are used, the total price of 3000 tons to Evanston is just
$24,510, still considerably less than the offshore barge price for the same
commodity.
SUMMARY AND CONCLUSIONS
Sand and gravel are widely available onshore in northeastern Illinois for re-
plenishing beaches along the Illinois shore of Lake Michigan. Their coarse
texture (freedom from fine-grained materials) and close proximity to the shore
make the resource superior to the finer-grained offshore materials often con-
sidered for beach nourishment. The successful use of these materials on the
beaches at Lake Bluff, Highland Park, Fort Sheridan, Evanston, and Chicago
attests to the usefulness of coarse-textured particles for artificial beach
nourishment.
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Municipal planners and officials and owners of riparian land who are concerned
with shoreline management can increase their understanding of long-term shore-
line stability by reviewing previous successful attempts at beach nourishment.
Although commodity and transportation costs for sand and gravel used for beach
nourishment vary from company to company, it usually
to truck the sand to the shoreline from onshore sand
dredge sand from the lake bottom and barge it to the
a hidden cost involved in using dredged material for
is still less expensive
and gravel pits than to
shoreline. There is also
nourishment, since the
offshore fine sand will undoubtedly require more frequent replacement.
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Appendix 1. Locations and types of deposits of sand and gravel pits in northeastern Illinois. (Masters)
Map location
Company name Qtr. Sec. T. R.
COOK COUNTY
Accorsi Sand & Gravel SW 32 41N 9E
Accorsi Sand & Gravel SE 29 41N 9E
Accorsi Sand & Gravel SW 20 41N 9E
Type
of
deposit
Rated
de
Nearby town Pit name
capacity
(tons/day)
Plant
Bartlett 1 .5W Sand & Gravel 2000 1
Spaulding .2SE Sand & Gravel - 2
Elgin IE Sand & Gravel 1600 3
DU PAGE COUNTY
Ajax Sand & Gravel NE 14 40N I0E IV
Elmhurst
-Chicago Stn. SE 35 39N 9E V,ll 2
Elmhurst-Chicago Stn. NE S 40N 9E M2
River Dell Gravel Co. NW 23 40N 9E i.v
Sirek, Ted NE 11 38N 9E V
KANE COUNTY
Bakley Const. Co.
Beverly Sand & Gravel
Chicago Gravel Co.
Elmhurst-Chicago Stn.
Feltes Sand & Gravel
Feltes Sand & Gravel
Feltes Sand & Gravel
Feltes Sand & Gravel
Feltes Sand & Gravel
Feltes Sand & Gravel
Feltes Sand & Gravel
Kane Sand & Gravel
Material Service Corp.
Meyer Mat. Co.
Meyer Mat. Co.
Meyer Mat. Co.
Road Materials Corp.
Road Materials Corp.
Schneider, Edward Excv.
Schneider, Edward Excv.
Sirek, Ted Excv. Inc.
Steffan Bros. Corp.
Steffan Bros. Corp.
Van Acker Sand & Gravel
Vulcan Mat. Co.
LAKE COUNTY
Economy Sand & Gravel
Gurnee Sand & Gravel
Lake Co. Grading Co.
Peterson Sand & Gravel
Thelen Sand & Gravel
Thelen Sand & Gravel
MCHENRY COUNTY
Bloomingdale
.5E Ajax
Warrenville W Warrenville
Bartlett 2SW Bartlett
Gloverdale 3W
Naperville .5N Erb
200
600
600
1000
NW 1 42N 7E III, Huntley 3SE Hoffman 1000
SE 36 42N 8E 1 Elgin .5NE Beverly 1500
NE 25 41N 8E Mi1 Elgin 1S Hammond 2500
NE 25 39N 6E III, III, Kaneville 2E Kaneville 600
NE 8 38N 7E IVj
.
Ill Surgar Grove 2N Divicki 1400
SE 29 38N 8E II Aurora SW Jericho 1400
SW 30 39N 7E IV, III Kaneville 3E Nichols 1400
SE 29 38N 8E II Aurora SW Fox Valley 1400
NE 6 38N 7E IV, ,111 Sugar Grove 3.5NW Marker 1400
SW 5 38N 7E IV,
.
Ml Sugar Grove 2NW Probst 1400
NW 20 39N 7E III. III, Elburn 2.5S Meredith 1400
SW 5 38N 7E IV,
.
Ml Sugar Grove 2NW Zwart 400
NW 25 42N 8E 1 Dundee 1
E
Dundee 3200
SW 2 42N 8E U:> Carpentersville 1N Dundee 2500
SE 31 39N 7E IV, III Sugar Grove 3NW Kuggler 1400
SW 36 42N 8E 1 Elgin 1N McGraw 4000
SE 24 42N 8E 1 Dundee E Dundee 5000
NW 35 41N 8E 1 NW Part of S. Elgin Elgin 2800
SE 28 42N 8E 1 South Elgin Schuetz 3000
NW 8 41
N
8E IV Elgin 3.5W Highland Ave. 1000
NE 23 39N 7E IV Batavia 3W Bald Mound 2000
NE 15 42N 8E l.l1 Carpentersville Steffan Bros. 1000
NW 1 42N 7E III, Huntley 3SE —
SW 14 40N 8E ll St. Charles 2N 300
NW 2 42N 8E u 2 Algonquin 2N Algonquin 3000
NE 3 45N 11E V Wadsworth 1S
NW 14 45N 11E V Gurnee .25NW
NE 33 45N 11E V Libertyville 3N
NW 9 44N 11E V Liberty ville 1N
SW 9 46N 9E IV, II Antioch 5W
NW 9 46N 9E IV, II Antioch 5W
Lake Co.
Peterson
Barthel
Fox
1500
1500
2000
6000
2500
22
8
29
13
14
15
16
23
24
27
5
18
10
11
31
19
20
30
1
28
21
32
6
9
11
5
7
4
1
2
Bakley Const. Co. NW 23 44N
Bakley Const. Co. SE 4 43N
D & Z Sand & Gravel SW 35 44N
7E IV Crystal Lake 2.5NW
7E III Huntley 4N
6E III, Union 1.5E
(continued on next page)
Woodstock 1000 27
Rt.47 1000 29
1350 18
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Appendix 1 (continued)
Type Rated
. de
capacity
(tons/day)
Map locat aon of
deposit Nearby town Pit name
Plant
no.Company name Qtr. Sec. T. R.
Fram Materials SW 8 44N 9E IV, II Island Lake 1.5NW Fram 2000 22
Graver Sand & Gravel NE 11 44N 6E III Woodstock 1W 1000 21
Griebel Sand & Gravel SW 11 43N 5E II Marengo 2.5S North 1000 4
Griebel Sand & Gravel SE 14 43N 5E II Marengo 4S Griebel 500 3
Harvard Ready Mix Inc. SE 2 45N 5E II Harvard .5S Old Peters 5000 8
III. Mining & Mfg. Co. NE 24 44N 8E II Burton Bridge 1W 1200 26
Material Service Corp. SW 22 43N 8E Algonquin 1N Algonquin 3800 12
McHenry Sand & Gravel SE 31 45N 9E IV, II, l 2 Lilymoor W Possum Run 1000
McHenry Sand & Gravel NW 28 45N 8E I. "2 McHenry 2.5W West 500 11
Meyer Mat. Co. SE 28 43N 8E Algonquin NW Algonquin 3000 7
Morris, Wm. Co. NW 31 46N 6E II. Mi Harvard 3E Andersen 1600 24
Morris, Wm. Co. NW 26 45N 5E II Harvard 4.5S Jacobs 1600 25
Peterson Sand & Gravel NE 31 45N 9E IV, II, l 2 Lilymoor NW Freund 2000 9
Pistakee Sand & Gravel SE 20 45N 9E II. la Fox Lake 2SW Pistakee 2500 19
O'Leary Bros. Const. Co SW 15 44N 7E I, IV Woodstock 2SE Reed 1000 13
O'Leary Bros. Const. Co NE 11 44N 6E in Woodstock I.5W Fox Farm 500 14
Road Materials Corp. NE 25 44N 8E IV, II Island Lake 3
W
Island Lake 2500 15
Tonyan Bros. Inc. NE 20 45N 9E II. I 2 Lakemoor 2N Big Hollow 700 16
Vulcan Mat. Co. NW 9 43 N 8E Crystal Lake .5SE Crystal Lake 7000 6
Vulcan Mat. Co. NE 11 43N 8E I. la Cary 1NW Cary 3000 17
WILL COUNTY
Avery Gravel Co. SW 13 36N 9E V Plainfield 2SE Fouser 2000 19
Avery Gravel Co. NW 23 37N 9E V, V, Plainfield 4N Avery 2500 21
Bobeck, George Sd. & Gr. NE 18 32N 9E VI Braidwood .5S Braidwood 300 2
Boughton Mat. Inc. SW 23 37N 9E V, V] Plainfield 2N Patterson 1200 18
Chicago Gravel Co. NE 14 36N 9E v.v, Plainfield ISE Plainfield 2500 3
Elmhurst-Chicago Stn. SW 3 37N 10E V, V! Romeoville 4.5N Barbers Corners 2500 5
Elmhurst-Chicago Stn. NW 1 36N 9E V Plainfield 2NE Plainfield 1600 14
Fatlan Bros. Excv. SW 17 32N 9E VI Braidwood 1S Blend Sand 500 15
Koerner Inc. SW 8 34N 9E V Channahon 1NW Gaskill 600 10
Tri-County Land Corp. SE 25 37N 10E Ha Romeoville 2NE Lemont 1000 20
Map location: Abbreviations are for Quarter, Section, Township, Range, North, South, East, West. Locations are given to the
nearest quarter section.
Type of deposit: Refers to the sand and gravel classification system used in the text and on Plate 1
.
Nearby town: Gives the distance in miles and direction from the town to the pit.
Rated capacity does not indicate actual production.
Source of Rated capacities and Plant numbers is Illinois Department of Transportation Division of Highways Bulletin No. 23 (1973; 1976,
unpublished).
Plant no.: Plant identification part of a six-digit source number assigned permanentfy to the location by the Illinois Department of
Transportation.
26
REFERENCES —
Anderson, R. C, and D. A. Block, 1962, Sand and gravel resources of McHenry
County, Illinois: Illinois State Geological Survey Circular 336, 15 p.
Berg, D. W. , 1965, Factors affecting beach nourishment requirements at Presque
Isle Peninsula, Erie, Pennsylvania: University of Michigan, Great Lakes
Research Division Publication 13, p. 214-221.
Berg, R. C, 1977, The effect on coastal processes of large shore structures
at Waukegan and Great Lakes, Illinois: Illinois Coastal Zone Management
Program, 34 p.
Block, D. A., 1960, Sand and gravel resources of Kane County, Illinois:
Illinois State Geological Survey Circular 299, 11 p.
Cobb, J. C, 1974, Sedimentology of an outwash fan deposit in the Woodfordian
(Late Wisconsinan) of northeastern Illinois: Master's thesis, University
of Eastern Kentucky, 77 p.
Ekblaw, G. E., and J. E. Lamar, 1964, Sand and gravel resources of northeastern
Illinois: Illinois State Geological Survey Circular 359, 8 p.
Fraser, G. S., and N. C. Hester, 1974, Sediment distribution in a beach ridge
complex and its application to artificial beach replenishment: Illinois
State Geological Survey, Environmental Geology Notes 67, 26 p.
Hacket, J. E., and M. R. McComas, 1969, Geology for planning in McHenry County,
Illinois: Illinois State Geological Survey Circular 438, 31 p.
Hester, N. C, and G. S. Fraser, 1973, Sedimentology of a beach ridge complex
and its significance in land-use planning: Illinois State Geological
Survey Environmental Geology Note 63, 24 p.
Hester, N. C, and J. E. Lamar, 1969, Peat and humus in Illinois: Illinois State
Geological Survey Industrial Minerals Note 37, 14 p.
Hobson, R. D., 1977, Review of design elements for beach fill evaluation: U.S.
Army Corps of Engineers, Coastal Engineering Research Center, Technical
Paper 77-6, 51 p.
Hunter, R. E., 1967, Sand, gravel, peat, and borrow material resources of
McHenry County, Illinois: Illinois State Geological Survey, unpublished
manuscript on open file, 11 p.
Illinois Department of Public Works and Buildings, Division of Waterways, 1952,
Interim report for erosion control Illinois shore of Lake Michigan: 34 p.
Illinois Department of Transportation, Division of Highways, 1976, Sources and
procedures of aggregates for highway construction in Illinois: Illinois
Department of Transportation, Division of Highways (unpublished listing).
27
Kempton, J. P., J. E. Bogner, and K. Cartwright, 1977, Geology for planning in
northeastern Illinois: Illinois State Geological Survey, eight sections
prepared for Northeastern Illinois Planning Commission, unpublished manu-
script on open file, 96 p.
Krumbein, W. C. , and W. R. James, 1965, A lognormal size distribution model for
estimating stability of beach fill material: U.S. Army Coastal Engineering
Research Center, Technical Memorandum 16, 17 p.
Larsen, J. E., 1973, Geology for planning in Lake County, Illinois: Illinois
State Geological Survey Circular 481, 43 p.
Masters, John M. , 1978, Sand and gravel and peat resources in northeastern
Illinois: Illinois State Geological Survey Circular 503, 11 p.
Norby, Rodney D., and Charles Collinson, 1977, Sedimentary characteristics of
the Lake Michigan nearshore bottom in Illinois: Illinois Coastal Zone
Management Program Extended Work Product Map.
Norby, Rodney D., 1980, Evaluation of Lake Michigan nearshore sediments for
nourishment of Illinois beaches (manuscript in preparation).
Nordstrom, K. F. , James R. Allen, Douglas J. Sherman, and Norbert P. Psuty, 1979,
Management consideration for beach nourishment at Sandy Hook, NJ, U.S.A.:
Coastal Engineering, v. 2, p. 215-236.
North Shore Sanitary District Lake County, Illinois, 1972, Sewage Works Improve-
ments, Division G-7, Lake Bluff Shore Protection: 101 p.
Samson, I., and A. Dingwell, 1977, Illinois mineral industry in 1975: Illinois
State Geological Survey Industrial Mineral Note 68, 39 p.
Tetra Tech, 1979, Draft Final Report, Shore protection analysis on Lake Michigan
from Lake Forest to Hollywood Boulevard, Chicago: Illinois Coastal Lake
Management Program, 103 p.
U.S. Army Corps of Engineers, 1972, Final environmental statement, Lake Bluff
Beach Erosion Control, Illinois: U.S. Army Engineer District, Chicago, 87 p.
U.S. Army Corps of Engineers, 1975, Final environmental statement, beach erosion
control, South Boulevard Beach, Evanston, Illinois: U.S. Army Engineer
District, Chicago, 81 p.
U.S. Army Corps of Engineers, 1977, Technical specifications and plans for bluff
erosion control at Fort Sheridan: U.S. Army Engineer District, Chicago, 28 p.
U.S. House of Representatives, 1965, City of Evanston, Illinois, beach erosion
control study: 89th Congress, First Session, House Document 159, 68 p.
Walton, Todd L., and James A. Purpura, 1979, Beach nourishment along the southeast
Atlantic and Gulf coasts: Florida Sea Grant Program, p. 11-24.
Willman, H. B., 1971, Summary of the geology of the Chicago area: Illinois State
Geological Survey Circular 460, 77 p.
28
LAKE MICHIGAN STUDIES
1. EGN 30— Preliminary Stratigraphy of Unconsolidated Sediments from
the Southwestern Part of Lake Michigan. 1970.
2. EGN 32—Distribution of Major, Minor, and Trace Constituents in
Unconsolidated Sediments from Southern Lake Michigan.
1970.
3. EGN 35—Stratigraphy of Unconsolidated Sediments in the Southern
Part of Lake Michigan. 1970.
4. EGN 37— Distribution of Arsenic in Unconsolidated Sediments from
Southern Lake Michigan. 1970.
5. EGN 39— Phosphorus Content in Unconsolidated Sediments from
Southern Lake Michigan. 1970.
6. EGN 41—Trace Element and Organic Carbon Accumulation in the Most
Recent Sediments of Southern Lake Michigan. 1971.
7. EGN 44-^-Distribution of Mercury in Unconsolidated Sediments from
Southern Lake Michigan. 1971.
8. EGN 47—High-Resolution Seismic Profiles and Gravity Cores of
Sediments in Southern Lake Michigan. 1971
.
9. EGN 54—Geologic Cross Sections Derived from Seismic Profiles and
Sediment Cores from Southern Lake Michigan. 1972.
10. EGN 58—Depositional Patterns, Facies, and Trace Element Accumu-
lation in the Waukegan Member of the Late Pleistocene
Lake Michigan Formation in Southern Lake Michigan. 1972
11. EGN 69—Glacial Tills under Lake Michigan. 1974.
12. EGN 74—A Side-Scan Sonar Investigation of Small -Scale Features on
the Floor of Southern Lake Michiqan. 1975.
13. EGN 76--Bluff Erosion, Recession Rates, and Volumetric Losses
on the Lake Michigan Shore in Illinois. 1976.
14. EGN 84—Late Quaternary Sediments of Lake Michigan. 1978.
15. EGN 93--Land Resources for Beach Nourishment along the
Illinois Shore of Lake Michigan. 1981.

